& Results Facilitation of C. stenophylla on sapling survival increased as drought stress, grazing intensity, and sapling age increased. Microhabitat amelioration increased as drought stress and sapling age increased. Similarly, protection against herbivory increased as drought stress, grazing intensity, and sapling age increased. Relative importance of microhabitat amelioration increased as drought stress increased, and relative importance of protection against herbivory increased as grazing intensity and sapling age increased. & Conclusion Facilitation of shrub on sapling establishment involves both microhabitat amelioration and protection against herbivory. Facilitation, the two mechanisms, and relative importance between the two mechanisms would all be affected by climatic aridity, grazing intensity, and sapling age. Shrub establishment has a positive feedback effect.
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Introduction
Biotic interactions could change along stress gradients (stress gradient hypothesis) (Bertness and Callaway 1994; Brooker et al. 2008; Maestre et al. 2009 ). Many studies showed that plant interactions would shift from competition to facilitation as environmental stress increased (Tielbörger and Kadmon 2000; Pugnaire and Luque 2001; Callaway et al. 2002) , and facilitation became more common in more stress versus more benign environmental conditions (Choler et al. 2001; Gómez-Aparicio 2009; Maestre et al. 2009; Petrou and Milios 2012) . In contrast, some other studies showed that plant interactions might not respond to stress changes (Maestre et al. 2005; Cavieres et al. 2006; He et al. 2013) , and the relationship between biotic interaction and environmental stress gradient often exhibits variation among different species (Holmgren et al. 2012) .
Sapling establishment is the critical stage of woody plant population growth. Many studies have shown that shrub presence can facilitate sapling establishment in harsh environments (Holl 2002; Castro et al. 2004; Aerts et al. 2006) . Alternatively, other studies have found a lack of evidences to support the hypothesis that shrubs facilitate sapling recruitment and survival (Williams et al. 2006; López et al. 2007 ). However, there have been few studies on facilitative effects of shrubs on sapling establishment across gradients of environmental stress (Hastwell and Facelli 2003) , grazing intensity (Smit et al. 2007) , and growth stage. Studies have shown that facilitation of trees on shrub sapling survival was high under severe physical environments (Hastwell and Facelli 2003) ; conversely, the facilitation of nurse shrub on sapling survival reduced as grazing pressure increased (Smit et al. 2007) .
Some previous studies suggest that the facilitative effects of shrubs arise, mechanistically, because shrubs are able to ameliorate stressful abiotic conditions and thereby create microhabitats with environmental conditions that are relatively favorable for the survival and/or growth of seedlings/saplings (Gómez-Aparicio et al. 2005a , b, 2008 Smit et al. 2008; Gómez-Aparicio 2009; Legras et al. 2010; Otto et al. 2010) . For example, it has been shown that, within their vicinity, shrubs can increase shade (Smit et al. 2008; Jankju 2013) , reduce wind velocity (Martínez 2003) , increase soil nutrient enrichment (e.g., higher extractable P and K, organic matter, and total nitrogen), increase cation exchange capacity, increase soil moisture (Chambers 2001) , reduce soil temperature (Martínez 2003; Jankju 2013; Caldeira et al. 2014) , restrict soil water evaporation and seedling transpiration (Aerts et al. 2007; Gutiérrez et al. 2007) , and increase sand accretion (Martínez 2003) . Other studies suggest that shrubs facilitate sapling establishment by protecting saplings from herbivory (Grau et al. 2010; Harmer et al. 2010; Maher et al. 2010; Torres and Renison 2015; Tálamo et al. 2015a, b) . Thus, in general, there would be two important mechanisms by which shrubs may facilitate sapling establishment, specifically microhabitat amelioration or protection against herbivory (Bertness and Callaway 1994) . However, very few studies have shown that shrubs can facilitate the sapling survival through both mechanisms, i.e., by both ameliorating harsh abiotic conditions and protecting saplings against grazing (Boulant et al. 2008 (Boulant et al. , 2009 ). Thus, the relative importance of these two mechanisms across gradients of environmental stress and herbivore pressure remains unclear.
The Inner Mongolia Plateau, located in the northern China, spans an extensive area (~1183 × 10 3 km 2 ), ranging from 97°1 2′ E to 126°04′ E in longitude (a distance of 2500 km) and 37°24′ N to 53°23′ N in latitude (a distance of 1700 km). There is a strong gradient of increasing climatic aridity (across humid, sub-humid, semi-arid, arid, very arid, intensively arid, and extremely arid zones) from the northeast to the southwest. Overgrazing has become a common phenomenon in the region since the 1970s and is a main cause of ecosystem degradation on the Inner Mongolia Plateau. Given its strong climatic aridity gradient and potentially high grazing disturbance, the Inner Mongolia Plateau provides an ideal system for studying the mechanisms by which shrubs may facilitate sapling establishment and thereby evaluating the relative importance of microhabitat amelioration and protection against herbivory in shaping these plant-plant interactions along stress gradients.
Caragana is the main genus of shrub species on the Inner Mongolia Plateau. Caragana stenophylla Pojark is the species of Caragana genus that has the largest distribution range across the Inner Mongolia Plateau. It is predominately distributed from the semi-arid zone to the intensively arid zone (Ma et al. 2013; Xie et al. 2015) . It has not only economic value as fodder, green manure, and honey resource but also environmental protection value for wind erosion, sand fixation, and water and soil conservation and plays increasingly important roles in mediating ecosystem functions and services. Morphologically, C. stenophylla is a spinose shrub species with relative compact, cushion-like canopies. As a result, C. stenophylla shrubs can improve conditions within the microenvironment under their canopies (Guan et al. 2016; Liu et al. 2016) and also resist disturbances such as trampling and feeding by ungulate animals.
We hypothesized that the facilitative effects of pre-existing C. stenophylla shrubs on C. stenophylla seed germination and sapling survival would increase as drought stress, grazing intensity, and sapling growth time increase. We also hypothesized that the facilitative effects due to microhabitat amelioration or/and protection against herbivory as well as the relative importance of microhabitat amelioration versus protection against herbivory would all be affected by climatic condition, grazing intensity, and sapling growth time.
To test our hypotheses, we examined the effects of shrub presence on both seed germination and saplings survival of a regionally important woody species, C. stenophylla, across four climatic aridity zones (semi-arid, arid, very arid, and intensively arid zones), three grazing intensities (fenced, mild grazing, and severe grazing), and two growth stages (6-month seedling and 18-month sapling) using manipulative sowing experiments on the Inner Mongolia Plateau. Our study provides important insight into key mechanisms by which preexisting shrubs can facilitate the establishment of shrubs.
Materials and methods

Experimental design
We conducted the field work at four study sites: (1) Xilinhaote in the semi-arid zone, (2) Siziwang in the arid zone, (3) Etuoke in the very arid zone, and (4) Alashanzuo in the intensively arid zone of the Inner Mongolia Plateau. The geographical location and environmental data of these study sites are shown in Table 1 and Supporting data 1.
At each study site, we selected three adjacent plots, arrayed from the east to the west, with different managements: fenced (F), mildly grazed (M), and severely grazed (S) (Supporting data 2). Each plot was more than 500 ha. Within each plot, we demarcated three sub-plots (~3 ha each sub-plot) arrayed from the north to the south (i.e., sub-plot 1, sub-plot 2, and sub-plot 3) with distances of~800 m between sub-plots. We took the three sub-plot 1 areas (sub-plot 1-F, sub-plot 1-M and sub-plot 1-S) as replication group 1, the three sub-plot 2 areas (sub-plot 2-F, sub-plot 2-M and sub-plot 2-S) as replication group 2, and the three sub-plot 3 areas (sub-plot 3-F, sub-plot 3-M and sub-plot 3-S) as replication group 3, respectively (Supporting data 2). The topographic and bedrock characteristics were similar among the replication groups.
Vegetation coverage decreases gradually as climatic drought stress increases from the semi-arid zone to the intensively arid zone; thus, the grazing intensity was set according to the local vegetation conditions for logistical reasons and to keep the grassland vegetation utilization roughly equivalent. In other words, even though the stocking densities varied across sites within a given grazing treatment, the expected grazing pressure exerted on vegetation within a given grazing treatment is approximately equal across sites. Grassland vegetation utilization rate was 30-35% under the mildly grazed management and 60-70% under the severely grazed management. The grazing intensities for mildly grazed and severely grazed managements at each study site were as During June-July of 2012, we collected and air-dried healthy C. stenophylla seeds from each of the four sites. We put the seed outdoor in the winter of 2012 and measured germination rates in March of 2013. Overall germination rates of C. stenophylla seeds were 91-93%. Neither the germination rate nor the germination index of seeds from different climatic aridity zones was significantly different.
We conducted the field experiments in 2013 and 2014. Compared with historical averages, both precipitation and spring temperature were relatively lower in 2013; while precipitation was relatively higher in 2014. At the beginning of the 2013 growing season, we sowed seeds within plots that had been collected from the same site in the previous year. The timing of the growing season varies among our study sites, so we sowed the seeds at different sites on different dates according to the local growing season. Sowing dates were April 20 at the Alashanzuo site, April 26 at the Etuoke site, May 1 at the Siziwang site, and May 8 at the Xilinhaote site.
In each sub-plot, we selected 12 C. stenophylla shrub clusters using the line transect method. Canopy area of the shrub clusters was 0.8-1.5 m 2 , and height of the shrub clusters was 30-40 cm. For each C. stenophylla shrub cluster, we sowed 100 seeds of C. stenophylla inside the shrub canopy (in a 1-m × 1-m area around the centre of the shrub; if canopy area < 1 m 2 , we ensured that all C. stenophylla seeds sowed were inside the canopy). We also sowed 100 seeds in open spaces outside the shrub canopy (within a 1-m × 1-m area that was 2 m away from the edge of the shrub canopy). Our previous study (Xie et al. 2015) ). Thus, we deducted the number of pre-existing seeds in soil when sowing seeds. Six months after sowing these seeds (at the end of the growing season in 2013) and 18 months after sowing (at the end of the growing season in 2014), we recorded the number of surviving seedlings (6 months old) or saplings (18 months old), respectively, both within the seed addition shrub canopies and in the seed addition areas in open space. For each subplot, we calculated the number of surviving seedlings or saplings in the experimental shrub canopies and open areas (DOI: https://doi.org/10.5061/dryad.30tg8).
Data analysis
We evaluated the facilitative effect of pre-existing shrubs on seedlings or saplings using plant facilitation efficiency (thereafter abbreviated as PFE), which could also be applied for other plant species (including shrubs, trees, tussock, etc.) We calculated the PFE of C. stenophylla for each sub-plot according to the formula: Positive PFE values indicated that shrubs had facilitative effects on seedlings/saplings. PFE values of zero (or indistinguishable from zero) indicated that shrubs had no effect on seedlings/saplings. Negative PFE values indicated that shrubs had negative effects on seedlings/saplings, which might be observed in scenarios where shrubs are attractive and palatable for herbivores or where shrubs are so dense that seed germination and sapling survival are suppressed due to low light availability within shrubs.
In the fenced sub-plots, there were no sheep or other large herbivores, and the effects of small herbivores were negligible (therefore, we did not consider the effects of small herbivores and focused on grazing effects of large herbivores in this study); thus, the PFE could be attributed to the mediation of abiotic environments by mature shrubs, i.e., microhabitat amelioration (thereafter abbreviated as MA). Therefore, we calculated the MA for each sub-plot using the following formula:
Positive MA values indicated that shrubs had microhabitat amelioration effects on seedlings/saplings. MA values of zero (or indistinguishable from zero) indicated that shrubs had no microhabitat amelioration effect on seedlings/saplings. Negative MA values indicated that presence of shrubs made the microhabitat even more stressful for seedlings/saplings, which might be observed in the systems where shrubs are so dense that they substantially decrease light availability, or where shrubs compete strongly for water resources, thus seed germination and sapling survival are suppressed.
In the grazed sub-plots, in addition to MA, the PFE could also be attributed to protection of seedlings or saplings against grazing provided by mature shrubs, i.e., protection against herbivory (thereafter abbreviated as PAH). Therefore, we calculated the PAH for each sub-plot using the following formula:
PAH ¼ PFE in the grazed plots−MA Positive PAH values indicated that shrubs had protection against herbivory effects on seedlings/saplings. PAH values of zero (or indistinguishable from zero) indicated that shrubs had no protection against herbivory effect on seedlings/saplings. Negative PAH values indicated that presence of shrubs increased the probability of being grazed by herbivores for seedlings/saplings, which might be observed in systems where shrubs are attractive and palatable for herbivores.
We also calculated the proportion (%) of the PFE attributable to MA and PAH by dividing these indices by their associated PFE values as follows:
The calculation processes of PFE, MA, PAH, and proportion of PFE attributable to MA versus PAH are shown in Table 2 .
Relative interaction intensity index (RII) (Armas et al. 2004 ) is usually used when interspecific interactions are investigated, which is an index originally based on biomass of plant individuals and thus is more suitable to compare the natures and intensities of interspecific interactions between plant individuals. In this study, we used PFE to evaluate facilitative effects of shrubs on seedlings/saplings' survival, since it is quantified based on survival number of seedlings/saplings, and it can provide meaningful evaluation (on the basis of survival number of seedlings/saplings in open spaces) of the facilitative effects of shrubs on seedlings/saplings' survival. More importantly, PFE allows the quantification of the MA and PAH (PFE = MA + PAH), as well as the proportion of the PFE attributable to MA and PAH.
We performed ANOVAs to examine the differences in PFE (three-way ANOVAs), MA (two -way ANOVAs), PAH (three-way ANOVAs), and proportions of MA and PAH (three-way ANOVAs) among climate zones, grazing intensities, and growth stages and to evaluate the interactive effects among climate zone, grazing intensity, and growth stage. We used Tukey HSD post hoc tests to examine differences between specific treatments. We performed t tests to compare PFE between the fenced and mildly grazed plots in the intensively arid zone, because there was no seedling or sapling survival in open space in the severely grazed treatment in the intensively arid, so we could not calculate the PFE. We also used t tests to compare PFE between the two growth stages, MA between the two growth stages, PAH between the two grazing intensities, and PAH between the two growth stages. All analyses were performed using SPSS 16.0 (SPSS Inc.).
Results
Plant facilitation efficiency
The PFE across all four climatic aridity zones, three grazing intensities, and two growth stages (6-month-old seedlings and 18-month-old saplings) were all positive. This indicates that C. stenophylla shrubs have intraspecific facilitative effects on seedling and sapling establishment across its range on the Inner Mongolia Plateau (Fig. 1) .
PFE increased as climatic drought stress increased. For example, for 18-month saplings under mild grazing, the PFEs in the semi-arid, arid, very arid, and intensively arid zones were 1.17, 1.90, 3.20, and 5.62, respectively ( Fig. 1 and Table 3) .
PFE increased as grazing intensity increased. For example, for 18-month saplings in the very arid zone, the PFEs for fenced, mild grazing, and severe grazing treatments were 1.49, 3.20, and 6.70, respectively ( Fig. 1 and Table 3 ). PFE was also higher among older saplings. For example, in the very arid zone with severe grazing, the PFE was 2.08 for seedlings and 6.70 for saplings ( Fig. 1 and Table 3 ).
The interaction of climatic aridity × grazing intensity, climatic aridity × growth stage, grazing intensity × growth stage, and climatic aridity × grazing intensity × growth stage all had Fig. 1 Plant facilitation efficiency (PFE), which indicates the facilitative effects of mature C. stenophylla shrubs on the survival of intraspecific seedlings and saplings, across the four climatic aridity zones and the three grazing intensities. Data are means ± SE (n = 3 per treatment). For a particular growth stage and grazing intensity, different letters (lowercase) indicate significant differences between climate zones, and for a particular growth stage and climate zone, different letters (uppercase) indicate significant differences between grazing intensities (Tukey HSD tests or t tests, P < 0.05). For a particular climate zone and grazing intensity, asterisks indicate significant differences between seedling and sapling stages (t tests, P < 0.05) significant effects on PFE (Table 3) . As growth time (age) increased, the positive effects of grazing on PFE increased.
Other interactions were rather difficult to interpret (Fig. 1 ).
Microhabitat amelioration and protection against herbivory
MA increased as climatic drought stress increased. For 6-month seedlings, MA was 0.25 in the semi-arid zone, 0.40 in the arid zone, 0.80 in the very arid zone, and 1.29 in the intensively arid zone (Fig. 2 and Table 3 ). MA sharply increased as growth time (age) increased. For 18-month saplings, MA was 0.45 in the semi-arid zone, 0.75 in the arid zone, 1.49 in the very arid zone, and 3.00 in the intensively arid zone; these values for 18-month saplings were about twice as high as those for 6-month seedlings in the same climate zone (Fig. 2 and Table 3 ).
The interaction of climatic aridity × growth stage had a significant effect on MA (Table 3 ). As growth time (age) increased, the positive effect of climatic drought stress on MA increased (Fig. 2) .
All protection against herbivory (PAH) values were positive. PAH sharply increased as grazing intensity increased. Six months after sowing, under severe grazing, the PAHs in the semi-arid, arid, and very arid zones were 1.91, 3.27, and 4.23 times higher than those under mild grazing, respectively ( Fig. 3 and Table 3 ). PAH also sharply increased as growth time (age) increased. PAH for 18-month saplings was consistently three to seven times higher than that for 6-month seedlings ( Fig. 3 and Table 3 ).
PAH increased as climatic drought stress increased. For 18-month saplings under mild grazing, PAH was 0.72 in the semi-arid zone, 1.15 in the arid zone, 1.71 in the very arid zone, and 2.62 in the intensively arid zone; under severe grazing, PAH was 3.50 in the semiarid zone, 4.63 in the arid zone, and 5.21 in the very arid zone (Fig. 3 and Table 3 ).
The interaction of climatic aridity × grazing intensity, climatic aridity × growth stage, and grazing intensity × growth stage had all significant effects on PAH (Table 3) . These interactions were rather difficult to interpret (Fig. 3) .
Relative importance of microhabitat amelioration versus protection against herbivory
The proportion of the PFE attributable to MA increased as climatic drought stress increased. For example, for the 18-month saplings under mild grazing, MA proportions were 38.0% in the semi-arid zone, 39.3% in the arid zone, 46.6% in the very arid zone, and 53.4% in the intensively arid zone. The PAH proportion increased as grazing intensity increased and was higher for later (older) growth stages. For example, among 6-month seedlings, the PAH proportions were about 30-50% in mild grazing treatments and about 60-70% in severe grazing treatments, whereas among 18-month saplings, the PAH proportion were about 50-60% in mild grazing treatments and about 80-90% in severe grazing treatments (Tables 3 and 4) .
Discussion
Positive feedback in shrub recruitment
There were consistent positive effects of pre-existing C. stenophylla shrubs on intraspecific seedling and sapling Fig. 2 Microhabitat amelioration (MA), which quantifies one component of the facilitative effects of C. stenophylla shrubs on the survival of intraspecific seedlings and saplings, across the four climatic aridity zones. Data presented here are only based on the fenced plots. Data are means ± SE (n = 3 per treatment). For a particular growth stage, different letters (lowercase for seedling stage, uppercase for sapling stage) indicate significant differences between climate zones (Tukey HSD tests, P < 0.05). For a particular climate zone, asterisks indicate significant differences between seedling and sapling stages (t tests, P < 0.05) establishment in all four climatic zones, all three grazing intensities, and for both growth stages, which were consistent with previous studies on other shrub species Tíscar and Linares 2014; Ameztegui and Coll 2015; Holmgren et al. 2015) . These results demonstrated that established shrubs would promote new juvenile recruitment and population expansion, which suggested that shrub establishment has a positive feedback effect.
Mechanisms of facilitation-microhabitat amelioration and protection against herbivory
Our results showed that mature shrubs facilitated seedling and sapling establishment via both MA and PAH, which supported the prediction of Bertness and Callaway (1994) . In treatment plots protected from grazing, shrubs would have only provided a MA, whereas, in grazed treatments, shrubs would have provided facilitative effects to seedlings and saplings through both MA and PAH.
MA operates mechanistically when shrubs ameliorate stressful abiotic conditions (Bertness and Callaway 1994) by creating favorable localized environmental conditions within the protection of the mature C. stenophylla (e.g., lower wind speed, higher humidity, less temperature fluctuation, higher soil moisture, higher soil fertility, etc.) (Zhao et al. 2007; Dong et al. 2009; Guan et al. 2016; Liu et al. 2016) , which then enhance seed germination and/or survival of seedlings/ saplings of C. stenophylla. Besides, for intraspecific sapling establishment, MA of mature shrubs may also involve parental effect or kin selection.
MA provided by mature C. stenophylla shrubs increased as climatic drought stress increased. This was probably because, as drought stress increased, micro-environmental conditions under shrub canopies became relatively more favorable and thus more important to seedling and sapling establishment. Since environmental conditions are relatively benign in the semi-arid zone (Table 1) , C. stenophylla saplings are more able to become established both under shrub canopies and in open spaces. Furthermore, in the semi-arid zone, Fig. 3 Protection against herbivory (PAH), which quantifies one component of the facilitative effect of C. stenophylla shrubs on the survival of seedlings and saplings, across the four climatic aridity zones and the three grazing intensities treatments. Data are means ± SE (n = 3 per treatment). For a particular growth stage and grazing intensity, different letters (lowercase for mild grazing, uppercase for severe grazing) indicate significant differences between climate zones (Tukey HSD tests, P < 0.05). For a particular growth stage and climate zone, number signs indicate significant differences between the two grazing intensities, and for a particular climate zone and grazing intensity, asterisks indicate significant differences between seedling and sapling stages (t tests, P < 0.05) Seedling Fenced 100 ± 0 0 ± 0 100 ± 0 0 ± 0 100 ± 0 0 ± 0 100 ± 0 0 ± 0 Mild grazing 49.6 ± 3.5 50.4 ± 3.5 62.9 ± 6.0 37.1 ± 6.0 72.3 ± 3.8 27.7 ± 3.8 68.4 ± 2.0 31.6 ± 2.0
Severe grazing 34.0 ± 3.4 66.0 ± 3.4 34.1 ± 3.4 65.9 ± 3.4 38.5 ± 2.2 61.5 ± 2.2 --Sapling Fenced 100 ± 0 0 ± 0 100 ± 0 0 ± 0 100 ± 0 0 ± 0 100 ± 0 0 ± 0 Mild grazing 38.0 ± 3.4 62.0 ± 3.4 39.3 ± 2.2 60.7 ± 2.2 46.6 ± 0.46 53.4 ± 0.46 53.4 ± 1.2 46.6 ± 1.2
Severe grazing 11.3 ± 0.9 88.7 ± 0.9 13.9 ± 1.1 86.1 ± 1.1 22.6 ± 3.0 77.4 ± 3.0 --Data are means ± SE (n = 3 per treatment)
C. stenophylla shrubs were smaller in canopy size (Ma et al. 2013) , which suggests relatively smaller differences in microenvironmental conditions within shrub canopies compared to in open space. As a result, MA by mature shrubs should be less important to seedling/sapling establishment in the semiarid zone. However, as climatic drought stress increases from the semi-arid zone to the intensively arid zone, environmental conditions and resource availability become increasingly stressful and limiting of sapling establishment. Moreover, C. stenophylla shrubs become increasingly larger in canopy size along the same climatic gradient from the semi-arid zone to the intensively arid zone (Ma et al. 2013 ). Therefore, not only do the differences in conditions within canopies vs. in open space become increasingly greater as climatic drought stress increases but also the conditions in open space become increasingly stressful for shrub germination and establishment. In the intensively arid zone, microhabitat amelioration by mature shrubs became a necessary condition for sapling establishment of C. stenophylla, in that the presence of a protective shrub canopy could increase seedling and sapling survival rates by 2.3 times (for seedlings in fenced plot) to 4 times (saplings in fenced plot). MA provided by mature C. stenophylla shrubs was also greater for older life stages. MA in the second growing season (in 2014) was about twice as high as that in the first growing season (in 2013), which suggests that MA could be considered to accumulate over time (as cohorts continue to age and individuals die) for at least the first 2 years of growth. In the first growing season, microclimate amelioration by mature shrubs played a major role in promoting seed germination and seedling survival, whereas, in the second growing season, the "resource island" (Zhao et al. 2007; Dong et al. 2009; Guan et al. 2016; Liu et al. 2016 ) mechanism of C. stenophylla shrub may have played a stronger role in enhancing sapling survival.
Protection of shrub seedlings against herbivory provided by mature shrubs often occurs in areas with relatively high herbivore pressure and with shrub species with spinose or unpalatable canopies (Bertness and Callaway 1994; Callaway et al. 2005; Graff et al. 2007 ). The PAH provided by mature C. stenophylla shrubs was mainly due to its spinose and compact cushion-like canopies.
PAH provided by mature C. stenophylla increased as grazing intensity increased. This is most likely due to the increased probability that seedlings or saplings would be grazed in open spaces as the overall grazing intensity increased. Thus, the protective effect of shrub canopies on seedling and saplings against herbivory became more significant.
Importantly, as climatic drought stress increased from the semi-arid zone to the intensively arid zone, the PAH of C. stenophylla also increased. Our previous studies have shown that canopies area and height of C. stenophylla generally increase from the semi-arid zone to the intensively arid zone (Ma et al. 2013) , and greater canopy size is expected to provide better PAH for seedlings and saplings.
PAH of C. stenophylla also increased as seedlings/saplings growth time (age) increased. PAHs among saplings were about three to seven times higher than the PAHs among seedlings. As with MA, this suggests that PAH could be considered to accumulate over time. In the first growing season, the growth stages included seed germination (about 2 months, Apr to May) and seedling growth (about 4 months, Jun to Sept). Earlier seedling stages (younger seedlings) and smaller seedling (2-10 cm) should decrease the probability of a seedling being consumed by a large herbivore. In the second growing season, sapling growing time was longer (about 6 months, Apr to Sept) and saplings were larger (10-15 cm), which should increase the likelihood that all or part of these saplings would be consumed by large herbivores. Therefore, protection against herbivory provided by mature C. stenophylla was relatively more important in the second growing season than in the first one.
Relative importance of microhabitat amelioration and protection against herbivory
The relative importance of MA and PAH varied across our experimental abiotic gradient, grazing gradient, and growth stages. Increases in the relative importance of MA (MA proportion) were associated with increases in climatic drought stress, which suggests, logically, that the role played by shrubs in providing microenvironment amelioration becomes more important to seedling and sapling establishment as climatic drought stress becomes more severe (largely because it becomes more difficult for seeds to germinate and for saplings to survive in open spaces). Increases in the relative importance of PAH (PAH proportion) were associated with increases in grazing intensity, which suggests, logically, that the role played by shrubs in safeguarding seedlings and saplings from herbivory becomes more important as the severity of local grazing pressure increases (largely because sapling survival decreases rapidly in open spaces as grazing intensity increases). The relative importance of PAH was also higher among later growth stages (older saplings), which reflects the fact that the probability of grazing was higher for larger seedlings/saplings and suggests that the protection provided by shrubs was more important to the survival of saplings than seedlings.
Variation of plant facilitation efficiency
Studies showed that the importance of shrub facilitation of woody seedling survival increased as abiotic stress increased (Hastwell and Facelli 2003; Gómez-Aparicio 2009; Petrou and Milios 2012) . However, a study by Jankju (2013) in arid rangelands suggested potentially greater complexity, suggesting that shrubs could facilitate the seedling establishment of understory herb species in moderate drought stress conditions, but that these positive effects were suppressed and outweighed by competition under severe drought conditions. Our results showed that the facilitation of mature C. stenophylla shrubs on intraspecific sapling survival increased as climatic aridity increased and that this pattern was maintained even in extremely arid conditions, which is consistent with the stress gradient hypothesis (Bertness and Callaway 1994; Maestre et al. 2009 ). This is attributable to increases in MA and PAH as climatic drought stress increases. Several expected outcomes of an increase in the importance of shrub facilitation as abiotic stress increases are reflected in the results of prior studies, which have shown that overall C. stenophylla population aggregation (Xie et al. 2015) and shrub canopy size (Ma et al. 2013 ) both increase as climatic aridity increases. Our results suggested that plant facilitation effects would influence not only species distributions within communities (Bertness and Callaway 1994) but also plant distributions within populations (population spatial patterns). Smit et al. (2007) found that under higher grazing pressures, facilitative species became less protective. However, our results showed the opposite; as grazing intensity increased, the facilitative effects of C. stenophylla on its own seedlings and saplings gradually increased, which is consistent with the speculation of Bertness and Callaway (1994) . This is at least partially attributable to the sharp increases in PAH observed as grazing intensity increased (Fig. 3) . Protection seedlings and saplings against herbivory by established shrubs have promoted shrub population recruitment. Meanwhile, grazing on the Inner Mongolia Plateau has led to relative increases in shrub recruitment in association with established shrubs, which has promoted the development of an aggregated distribution of C. stenophylla individuals (Xie et al. 2015) and canopy size increase (Ma et al. 2013) . Our results suggested that facilitation effects of mature shrubs on seedling and sapling establishment might result in an increase in aggregated distribution of shrubs as grazing intensity increased.
The facilitative effects of mature C. stenophylla shrubs on its seedlings/saplings also gradually increased as seedling/ sapling growth time increased (Fig. 1) , which was due to the increase of MA and PAH as seedling/sapling growth time increase (Figs. 2 and 3) . Our results suggested that facilitation effects of mature shrubs on recruitment of woody plants exist in seedling and sapling stages.
Conclusions
Based on our results, we can draw several conclusions: (1) Caragana shrubs have intraspecific facilitative effects on seedling and sapling establishment. Therefore, Caragana shrub establishment has a positive feedback effect. (2) Facilitation of seedling and sapling establishment by mature shrubs involves both MA and PAH mechanisms. MA increased as climatic drought stress and seedling/sapling growth time increased. PAH increased as climatic drought stress, grazing intensity, and seedling/sapling growth time increased. (3) Increases in both MA and PAH as climatic drought stress increased resulted in overall increases in PFE as climatic drought stress increased. Increases in PAH as grazing intensity increased also resulted in overall increases in PFE as grazing intensity increased. As growth time of seedlings and saplings increased, PFE, MA, and PAH all increased. (4) The importance of shrub's MA increased as climatic drought stress increased. In contrast, the importance of shrub's PAH increased as both grazing intensity and the growth time of seedlings and saplings increased. (5) Pre-existing shrubs have organism island effects in grassland ecosystems.
